Dust is one of the significant air pollutants in ambient air of Chandrapur industrial cluster. A study was carried out to ascertain the dust fall rate in four sampling locations in the Chandrapur industrial cluster of Chandrapur district, central India. The sampling was carried out by dust fall jar method in winter season (2014)(2015) December-January in industrial cluster region was higher as compared with residential region. It has been also observed that upwind direction sampling locations had lesser dust fall rate as compared with downwind direction. The composition of dust fall from study area was dominated by water soluble components. Water insoluble components were comprised of inorganic insoluble and volatile matter. Total inorganic component per cent by weight was maximum in dust.
Introduction
Gaseous and particulate pollutants are significant contributor of atmospheric air pollution. Particles are inherently larger than the gaseous pollutants in the atmosphere and therefore behave differently with increasing diameter. Particles in the atmosphere came from different sources, e.g. combustion, windblown dust, and gas-to-particle conversion processes (Vallero, 2008) . Particles in the atmosphere, which range in size from about 0.5 mm down to molecular dimensions, are made up of amazing variety of materials and discrete objects that may consist of either solids or liquid droplets. Various kinds of particles includes aerosols, condensation aerosols, fog, haze, mist, smoke, dust depends on its size. Particulate matter makes up the most visible or obvious forms of air pollution. Carbon black, silver iodide, sea salts are forming very small particulates. Particulate matter may be organic or inorganic in nature. Industrial transport, domestic and natural processes contribute to the sources of particulate matter (Santra, 2014) .
Dust fall refers to a particulate sampling method after airborne particles settle by sedimentation into dust fall jar. This method gives an indication of the quantity of larger particles having appreciable settling velocities and relative short atmospheric residence time.
Dust fall particles, because of their large size, are offensive to the visible sense and constitute a nuisance to housewives and community (Stern, 1976) . The water insoluble component of dust fall was higher in industrial areas than in rural areas. Water soluble organic matter was higher in rural area samples. A lower seasonal variation also occurs, i.e., dust fall increases during the heating season. Under low humidity conditions, water is lost from the droplets of basic air pollutants which react with acid to form salts and a solid aerosol is formed. Thus, leading to increased dust fall during summer season (Manahan, 2001) .
Particulate matter present in the atmosphere may organic or inorganic in composition and in liquid or solid physical state. Particulate matter especially in the suspended form, present in the atmosphere is known to have many adverse effects upon health and welfare.
Mostly, the sizes of particle are very small. Carbon or soot particles, acid droplets, metallic oxides and salts, silicates and other dust including metallic fumes are of common forms of particulate matter.
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98 | P a g e The particulate matter or dust can alter the body defense system against foreign materials, damage lungs tissue, aggravate existing respiratory and cardiovascular disease and can lead to cancer. In some cases, particulate matter exposure can even lead to premature death. Adverse health effects have been associated with exposure to particulate matter over both short period (such as a day) and longer periods (a year or more). The people who are most at risk are people with asthma, influenza lungs, heart, or cardiovascular disease, the elderly and children. It has been shown that there is an 18% increase in death from heart disease among people with long term exposure to particulate matter. While exposure the clearly impacts the lungs, long term, chronic exposure to air pollution seem to manifest more in cardiovascular disease than it does in respiratory disease (Air Quality Monitoring Manual, 1978) .
According to comprehensive environmental assessment of industrial cluster study carried out by IIT Delhi and Central Pollution Control Board (CPCB), New Delhi, India for 88 industrial clusters in India, the comprehensive environmental pollution index (CEPI) for air environment for Chandrapur industrial cluster was 70.75 (CPCB, 2009) . It was declared as the fourth most polluted industrial cluster in India. While computing CEPI for air environment for Chandrapur industrial cluster, dust fall parameter was not incorporated.
Hence, an attempt has been carried out to ascertain the contribution of dust fall rate in atmospheric air pollution in Chandrapur industrial cluster region and its composition.
Study area
Chandrapur district is located in the eastern edge of Maharashtra State in Vidarbha 
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Meteorology
The micrometeorological data was recorded with the help of mechanical weather monitoring station placed at a height of 10 m above ground surface to collect wind speed and wind direction data during the study period. The hourly record of wind speed and wind direction data during study period were used for computing the relative percentage frequencies of occurrence in 16 cardinal directions and 5 wind speed classes. These frequencies were computed on 24 hourly basis for winter season as shown in figure 2. The 24
hourly windroses during winter season shows predominat winds were from S, SSW and SSE directions, with dominant wind speed class of 3.6-7.2 km h -1 . The calm condition was recorded as 30% of time during study period.
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101 | P a g e fall rate sampling from the study area, taking into consideration the meteorology during the sampling period, four sampling sites were identified. Out of these four, two sampling sites were in upwind direction were as rest two were in downwind direction. Sampling was carried out in a dust fall container having a suitable capacity to hold water in which atmospheric dust can be trapped. Plastic containers were used having a circular opening of greater than 15 cm diameter and length of two to three times the diameter. Samplings was carried out in different sampling areas such as industrial, residential and combine so as to ascertain the impacts of local activities on dust generation.
Dust fall rate sampling was carried out in a plastic container ( For calculating soluble dust, 100 mL of filtrate from graduated cylinder was taken into a clean and pre weighted crucible. The crucible was heated in an oven at 105±2 o C for a sufficient period of time to evaporate all the liquid. It was then cooled in a desiccator and reweighted and soluble dust was computed. Total particle fall out rate was computed by addition of insoluble particle fallout rate and soluble particle fallout rate (Air Quality Monitoring Manual, 1978) .
Results and discussion
Results of dust fall rate from the study area are depicted in table 2. The prominent wind direction from the study area was from S, SSW and SSE, with maximum wind speed in range of 3.6 to 7.2 km hr -1 (Figure 2 These meteorological factors contributed to increase dust fall rate for this sampling location during this sampling period. Maximum dust fall rate was observed to be 278.14 MT sq km -1 month -1 at Babupeath (residential area, upwind direction) followed by CSTPS colony 268.60
MT sq km -1 month -1 (industrial area, downwind direction). This increase in dust fall rate was 5.0 and 1.5 times higher respectively than the dust fall rate during December-January sampling period. For February-march, the average dust fall was found to be 237.10 MT sq km -1 month -1 and standard deviation was 47.52. On comparison of dust fall rate for FebruaryMarch with December-January it was observed that an increase in dust fall rate was observed in all sampling locations except at Nakoda, where slight decrease in dust fall rate was
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105 | P a g e observed. It has been observed that an increase of 1.6 fold in average dust fall rate for February-March with December-January. This significant increase in average dust fall rate in February-March in the region can be attributed to onset of summer season which changes meteorological factors such as humidity, solar radiation and temperature leading to the formation of atmospheric dust. In addition to this oxidation of SO 2 (emitted from thermal power plant and other industries from study area) to sulfuric acid in the atmosphere generate condensable products. Once a condensable species is formed in gas phase, the system is in non-equilibrium state. It may pass toward equilibrium by generation of new particles (homogenous nucleation), thus contributing to increase in dust fall during this period.
The average annual dust fall in tons km -2 in some regions of world are reported as: Studies pertaining to dust fall characterization in India were pertinent to toxic metals such as mercury (Thakur et al., 2004) , lead, arsenic (Deb et al., 2002) in urban environment.
Whereas studies for variation of dust fall in urban areas and industrial locations are lacking.
The composition of dust collected from the study area is depicted in Table 3 . 107 | P a g e In case of Nakoda, inorganic insoluble matter was quite similar for both phase of sampling. The water insoluble component can be attributed to metal oxides which are formed whenever fuels containing metals are burnt. At this sampling locations coal was not used and nearby cement industry may be the source of this pollution. The higher concentration of volatile matter at this sampling location (56.08 and 57.81 per cent by weight for DecemberJanuary and February-March, respectively) can be attributed to oil combustion in vehicles playing in the vicinity of this sampling location.
At Ballarpur paper mill colony during December-January, inorganic insoluble matter was less as compared with volatile matter. As this sampling location was located in residential area and in upwind direction, and further no significant particulate emissions were released from pulp and paper mill hence, inorganic insoluble matter concentration was less.
The lesser contribution of inorganic insoluble matter during the sampling period can be attributed to winter season also.
Further, on comparison of dust fall rate with wind direction in study area a trend was observed that sampling locations in upwind direction had lower dust fall rate as compared with locations in downwind direction. The winds which are blowing from upwind directions are comparatively clean having less dust contain in it. However, as they passes through the industrial area they carry with them emitted dust as a result of which downwind direction sampling locations had elevated dust fall rate. Residential area had lower dust fall rate as compared with industrial area except in February-March sampling period. The sampling locations in downwind direction are getting more adversely affected as compared with upwind.
Conclusion
From the results obtained in the study area for dust fall rate it can be concluded that dust is one of the significant air pollutant. Seasonal variations due to prevailing meteorological factors contribute to the dust fall rate. The anthropogenic and industrial activities also contribute significantly for inorganic, volatile and organic matter composition of dust. This dust owing to its size can have adverse effects on human health and economic losses in the region. Inhabitants from study area had reported respiratory diseases, allergy,
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Adaptation of cleaner technologies in industries at source, production, transportation and end of pipe can significantly reduce dust emissions into atmosphere. Maintenance of vehicles can also help in reduction of volatile matter in water insoluble component of dust.
